Purpose -Since 2000, China, along with the USA, UK, France, Japan and many other developed countries have drawn up new blueprints for the development of a marine economy. At present, international marine economics research has entered into a new period of development, and the research methods of ocean econometrics are becoming more complex and mature. The purpose of this paper is to review the progress of international marine econometrics research and gives the development direction of marine econometrics. Design/methodology/approach -The Web of Science core collection database was utilized, harvesting data from 1996 to May 2018, measuring the marine economy research from 1,489 articles as its sample, using CiteSpace visualization analysis tools. Findings -Mapping the knowledge map from annual international marine economic metrology, literature identification, keywords, involving disciplines and related journals, countries (regions) and research and analyzing the research status of reveals the research frontiers of international marine economy measurement (learning) by using CiteSpace. Originality/value -The conceptions and characteristics of marine econometrics are defined and analyzed, and the theoretical method of marine econometrics is sorted out. Mapping the knowledge diagram of marine econometrics and discussing the research status of international marine economics, and clarifying the existing problems, future opportunities and challenges of international marine econometrics research.
Introduction
Marine economy was bred out of the rapid development of marine practice exploration and the in-depth study of marine economic theory. It plays an important role in stimulating economic growth, creating a large number of employment opportunities, and promoting the economic and social development of all countries. At present, scholars have achieved rich research results in the field of marine economy (Rorholm, 1967; Moller and Fitz, 1994; Pugh and Skinner, 1996, 2002; Pugh, 2008) . With the deepening of scientific research, the study of marine economics has also entered a new stage of quantification: microcosmic and scientific research.
Marine econometrics (scientific analysis) is a methodological estimation system that uses economic theory, statistics and mathematical methods to reveal causal relationships among various factors entailed in ocean economic phenomena. Pontecorvo et al. (1980) used the national accounts method to study the contribution of the marine sector to the US economy from an industrial perspective, making the quantitative analysis method an effective means of marine economic evaluation. Jiang (1990) used this quantitative method to predict the development trend of China's marine economy, and introduced econometrics into the field of marine economic research, in order to explore the causal relationship and related relationship of ocean economic variables. Since then, more and more scholars have applied marine economics to more specific areas of marine research. Some scholars also applied the econometric method to marine resources and environment, and other fields. Bhat (2003) used LIMDEP software program, employing random effects of a Poisson regression model with panel data, estimating the economic benefits of improved fish stocks and coral reefs found in the Florida Keys. Barbier et al. (2013) found that coastal wetlands and their vegetation have significant effects on reducing storm surge problems through regression analysis. Gröger et al. (2011) used econometric methods to analyze the potential changes generated by marine ecosystems. Liu et al. (2017) and Cao et al. (2005) revealed the structural characteristics of regional marine economy and the basic laws of its evolution through quantitative analysis. He et al. (2014) and Zhao and Yong (2017) collected economic cross-regional panel data integrated both for China's coastal regions, using time-series and spatial measurement methods to explore the characteristics and laws of coastal economic development.
Along with the deepening of this sort of research, more econometrics methods are now being widely applied in the study of marine economics. Jin et al. (2003) established the inputoutput model of coastal zone economy based on relevant data pertaining to the marine food chain, and conducted joint analysis and research on the marine economy and ecosystem. Li et al. (2015) used the DEA index to decompose the total factor productivity of China's coastal marine economy. Zamani et al. (2008) predicted how ocean energy, ocean wind energy and tidal energy could be effective by means of machine learning algorithms and artificial neural networks. Di et al. (2012) combined social, economic, resource, environmental and other factors to establish a system-dynamic model for the sustainable development of a marine economy. Yuan et al. (2013) used the multivariate gray model to study the trends of China's marine economic production, employment and their interactions based on the scarcity and uncertainty of ocean economic data. Feng and Du (2014) used the gray correlation method to analyze the relationship between financial support and the development of the marine economy.
However, due to the single use of methods, there are some limitations in the study. In order to make the research results pertaining to the marine economy more scientific and rigorous, many scholars have used various methods to solve its more practical problems. Zhang and Hu (1997) first used a variety of econometric models to study marine economic problems, using a linear programming model, an analytic hierarchy process (AHP), a gray correlation model, principal component analysis, cluster analysis and system dynamics, he studied the economic development of long mountain islands. Yin and Ma (2010) selected ten warning indicators for the development of China's marine economy for the first time, using mathematical methods and empirical analysis, to determine the threshold of early warning indicators, designed to build China's marine economic cycle fluctuation early warning signal system. On this basis, Yin and Li (2011) comprehensively used entropy value method, principal component analysis method, gray correlation analysis method and AHP to evaluate the comprehensive strength of China's coastal marine economy. Lee et al. (2017) used fuzzy target programming, applying econometrics to the field of ocean energy. Nursey-Bray et al. (2018) used the AHP and semi-structured methods to assess the marine aquaculture industry in South Australia.
As described in the aforementioned literature, marine economic quantitative research in the 1970s-1990s was in its initial development period, mainly focusing on empirical analyses, inductive analyses and qualitative analyses, Nonetheless, quantitative analysis of the marine economy is still very weak, the study of marine econometrics has not been presented. In the late 1990s, especially since 2000, the research achievements of marine econometrics in the field of traditional marine economics have been increasing gradually. In recent years, marine econometrics has had many research objects and a wide range of research methods, but there is still no summary of research progress and research frontiers. In order to facilitate the understanding and study of the relevant methods of marine
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International marine econometrics econometrics, this paper introduces its concept, theory and method system in detail, using the bibliometric method to study its results and adopts the method of the literature's metrology to ocean to quantify the results of econometric analysis, with the help of a knowledge map that is shown visually in the form of more international research status and research situation of the marine econometrics. The frontiers and focuses of marine econometrics in the field of mining provide a new way of thinking. The remaining part of this paper is organized as follows: the second part explains the understanding and thinking of scholars about the concept definition, theoretical system, method system and other basic problems of marine econometrics. The third part uses a bibliometric method to analyze the research status of the discipline. The fourth part looks forward to future research directions for the field. The fifth part summarizes the entire paper.
Marine econometrics architecture 2.1 The concept and characteristics of marine econometrics
Marine econometrics is an applied technology and method discipline within the field of scientific research pertaining to marine economics. Economic theory, the theory of marine science, econometrics theory and the actual statistical data as its foundation, plus its corresponding use of mathematics, statistics, computer technology, as well as the methods of system theory, information theory, cybernetics, marine econometric modeling that serve as the principal means of quantitative analysis with stochastic characteristics of marine economic variables, of technical method toward a general designation (discipline). Including regression analysis, input and output, time-series analysis, operational research, game theory, equilibrium theory, neural network technology, system dynamics and other aspects, marine science is coming into its own as an advanced scientific endeavor.
Marine econometrics focuses on the research into, and application of, various quantitative economic analysis methods. Its outstanding features are optimization, quantification and practicality, and regards optimization as the starting point for studying the basic laws of the marine economics, and then studies the interrelationship, influence, role, and trend of various factors in the marine economy. This research object determines its quantitative and practical chemistry characteristics, thus providing tools and powerful methodological support for the study of various marine economic issues.
2.2
The theoretical system of marine econometrics 2.2.1 Disciplinary basis of marine econometrics. The combination of marine science and economics gave birth to marine economics. The combination of statistics, mathematics and economics gave rise to econometrics. With the integration of marine economics and econometrics, the problems in marine economics are studied by means of econometrics, which gradually produces marine econometrics. Therefore, marine economics especially in marine science, statistics, mathematics, economics and management science use such disciplines for its foundation, while at the same time drawing on and assimilating the game theory, systems theory, information theory, cybernetics, and computer technology and decision-making method of optimization theory, etc.
2.2.2 Subjects and methods. Research objects: it mainly studies the quantitative relationship or rule between various variables in oceanic or related economic activities.
Research methods: based on econometrics, at the same time absorbing ocean science, computer science, system science, environmental science, life sciences and other related disciplines in its method, and the overall discipline is improved to adapt to the characteristics of marine economy research.
2.2.3 Research purposes and application areas. In marine economic activity analysis, the quantitative relationship between variables from the perspective generated by empirical 22 MAEM 1,1 exploration of marine economics operations and law, enriching the discipline's theory, marine economic structural analysis, marine economic forecasts, marine economic policy evaluation, along with testing and development of marine economic theory, etc. In so doing, a theoretical basis for the development of marine economic policy may be provided, thus promoting sustained, stable and healthy development of the marine economy.
Main applications include: marine industrial structure, marine consumption structure and marine investment structure; marine economic situation prediction, monitoring and warning with respect to the marine economy, sustainable development of the marine economy; assessment of comprehensive marine strength, integration of land and sea economy; integration of the ocean economy and development of ocean science and technology; the evolutionary process of the marine economy and marine industry.
A system method of marine econometrics
For marine economic development, human for marine economy research has been applied more to the latter field than land economics, given that marine econometrics research methods are principally derived from the research method of econometrics modeling. The research methods of marine econometrics mainly devolve from quantitative economic analysis. It can also be divided into either broad and narrow methods, or classical and non-classical ones.
2.3.1 Classical and non-classical marine econometrics. The classical method of marine econometrics is mainly borrowed from the econometrics methods developed and widely used before the 1970s. Those models include single variable linear regression, multiple variable linear regression, relaxation of basic assumptions, simultaneous equations and so forth.
The non-classical method of marine econometrics mainly refers to work done after the 1970s developed econometrics methods, and mainly includes: the variable parameter model, the non-linear and discrete choice model, the panel model, the time-series model and limited dependent variable model, among others.
2.3.2 Generalized and narrow sense of marine econometrics. In a narrow sense, the method of marine econometrics reveals the causality between various factors in phenomenon pertaining to the marine economy by establishing a model of marine econometrics and using a regression method. In a narrow sense, the ocean econometric model includes: the classic ocean econometric model and the non-classical ocean econometric one.
The generalized method of marine econometrics is a broad term referring to the quantitative analysis of marine economic phenomena using economic theory, statistics and mathematical methods. It mainly includes: the classical econometric model and cycle theory, growth theory, optimization theory, decision-making science, wavelet theory and game theory, along with the input-output model, system simulation and methods such as those found in the DEA, CGE and DSGE models.
Knowledge map analysis of the current situation of marine econometrics 3.1 Analysis of the development trend of marine econometrics
The data sample utilized for this article were taken from the Web of Science core collection database. Through employing a search using the keyword "marine economy," the data were found. The time period selected was from 1996 to May 2018, and an exact matching search was conducted. A total of 3,075 search results were obtained. Further screening and sorting of the search results such as "regression analysis, time series, parameter test and measurement model," revealing 1,489 articles on marine econometric research, through May 30, 2018. The number of documents published as marine econometrics research in 2018 was 128.
In order to statistically analyze the research trends of marine econometrics, this paper summarizes the number of documents published in marine econometrics and the econometrics methods used in the literature. Figure 1 depicts the quantitative distribution of 23 International marine econometrics the literature on marine econometrics from 1996 to 2018. The number of publications in 2018 was forecasted from the number of published documents in the first five months of 2018 and the trends found in 2000-2017 publications, indicated by the dotted line; Figure 2 summarizes the measurement methods used in marine econometrics study from 1996 to 2017 and the number of publications per year.
It can be seen from Figure 1 that the number of papers published in marine econometrics has experienced a slowly increasing trendyet increasing more rapidly lately, indicating that marine econometrics research has gradually received the attention and attention of scholars.
First, from the slow increase to the gradually increasing phase (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) : this stage is the initial stage of ocean econometrics, mainly the attempted application of econometrics methods in the field of marine economic research. This stage mainly sorted out the concepts and theories of marine economics and quantitative analysis, focusing on structural analysis, policy evaluation and trend analysis. While it was based on qualitative analysis, such as empirical analysis and inductive analysis, its use of different empirical and quantitative analysis methods, such as regression analysis, principal component analysis, gray correlation analysis, system simulation and even input-output and linear programming, had begun to increase. The research samples are mainly based on cross-sectional data and a small amount of time-series data. The above two periods belong to the classical macroscopic 300 250 200 150 100 50 0 1 9 9 6 -1 9 9 9 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3 2 0 1 4 2 0 1 5 2 0 1 6 2 0 1 7 2 0 1 8
Year analysis and research stage of marine economy. Based on traditional economic theory, the classical and macroscopic ocean economy is analyzed and evaluated, and marine econometrics research thus began to sprout. The 2000s were an important period for the study of marine econometrics. It was essentially different from the quantitative study of marine economy before 2000. Therefore, we generally believe that 2000 is the base year of marine econometrics research, and may therefore be called the "first year." Second, gradual growth-rapid growth stage (2010-2017): the research utilizing marine econometrics at this stage is gradually increasing, and marine economic issues involved are more specific, and the application methods are more extensive and complex. The quantitative analysis methods and their frequency of use in relevant research results increased significantly, especially from what was seen in the marine industry, economic forecasts, structural evolution, sea-land integration, sustainable development, marine comprehensive strength assessment, marine economic cycle fluctuations, marine disaster loss assessment, etc.; the research content of the marine econometrics expanded rapidly. Qualitative analysis, such as empirical and inductive analysis, was gradually reduced. Regression analysis, principal component analysis and analytic hierarchy analysis were widely used. There were more empirical analyses of distributed lag regressions, panel data models and spatial measurement. Intermediate time-series models, such as traditional timeseries models and panel models, were rapidly popularized and research samples, such as cross-section data, time-series data and panel data were continuously expanded.
Numbers of publications
Third, at present, although still dominated by classical macroscopic ocean economic analysis research, guided by traditional economic theory and structural modeling, the research field has been deepened from the macro (i.e. country) level to mid-level (i.e. provincial and municipal), and the application of modern econometrics methods has gradually increased. Decision optimization methods, system dynamics, input-output models, etc., are widely used, and the application of machine learning algorithms, uncertainty analysis methods and time-series methods also have a clear upward trend. Furthermore, the quantitative analysis of marine economic research is no longer limited to the traditional econometrics method, but instead involves characteristics from multiple methods. The objects and fields of marine economic research also tend to be mesoscopic and microscopic, and the research fields have mainly expanded into industrial structure, time-varying characteristics, spatial structure and regional competitiveness. The iconic research results have grown rapidly, and the quality of research results has been continuously improved. Marine econometrics research has been in a period of rapid development, and its theoretical, method, and application systems have matured.
Combining the above document distribution, a pie chart showing the application of marine econometrics method from 1996 to 2018 may be plotted (Figure 3 ). In studies of International marine econometrics marine economics from 1996 to 2018, regression analysis was still the main analytical method, accounting for 21.10 percent of all studies. Operational research methods, system dynamics, equilibrium theory and input-output methods have shown high growth in the application of marine economics, accounting for 15. 66, 15.42, 13 .93 and 12.53 percent, respectively. Although machine learning algorithms, uncertain methods, and time-series methods account for a relatively small proportion of them (8.99, 6.84 and 5.52 percent, respectively), they have shown significant advantages.
The application of marine econometrics methods has accounted for 45 percent of marine economic research. Figure 4 shows the number of marine economic research literature appearances from 1996 to 2017, plus those of the marine econometrics research variety, and their proportions. Figure 5 shows the growth rate curve for the number of marine econometrics articles appearing in the literature from 2000 to 2017.
As can be seen in Figure 4 , the amount of literature pertaining to marine economics research, and marine econometrics research, shows a significant upward trend. Moreover, since 2010, the proportion of literature about marine econometrics research has been continuously increasingby more than 55 percent in 2017. As observed in Figure 5 , the growth rate in the ocean economics research literature calculated by the chain growth measurement method has maintained its high-speed growth. On the whole, the growth rate of literature on marine econometrics had enjoyed rapid growth in the early period due to the small number of articles, then the research tended stabilize after 2011 with the annual growth rate of the number of new articles reaching around 15 percent, which means marine econometrics has become dominant in the field of marine economics research methodology. 
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Contrasting Figures 4-6 , although there is a large number of literature about marine economics studied by Chinese scholars, but the proportion of marine econometrics articles is low, suggesting that Chinese scholars concentrate less on marine economics quantitative research, rather focusing on the qualitative analysis of the marine economy with descriptive language. And many low-level repeated Chinese studies on marine economics may not be excluded, and even then there are gaps among the literature in terms of depth and breadth, the quality and the research methods, innovation and internationalization, and so on.
The analysis of keywords of marine econometrics
It was based on the sample source obtained from the Web of Science, retrieving 1,489 records related marine econometrics papers, and generating a keyword map ( Figure 7 ) through using CiteSpace software to extract the keywords after analyzing the literature.
From the perspective of knowledge theory, the higher the degree and frequency of keywords, the more concentrated the problems that international scholars have been paying attention to ( for a significant period), i.e., the research hotspots in the field. And the center degree of keywords is calculated through the common keyword in the literature and is 0.00% 5.00%
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15.00% 20.00% 25.00% 30.00% 2 0 0 0 2 0 0 1 2 0 0 2 2 0 0 3 2 0 0 4 2 0 0 5 2 0 0 6 2 0 0 7 2 0 0 8 2 0 0 9 2 0 1 0 2 0 1 1 2 0 1 2 2 0 1 3 2 0 1 4 2 0 1 6 2 0 1 5 2 0 1 7 2 0 1 8 International marine econometrics stronger than 0.1, which means there are more studies conducted through this point then has a strong influence. Therefore, in this paper, hot keywords with high centrality and frequency and some data are selected as shown in Table I .
As can be seen from Figure 7 and Table I , the distribution of structural characteristics of keywords in international marine econometrics is as follows:
From the central node, after eliminating high-frequency keywords themes, "ocean" (0.11), "climate change" (0.22) is the highest keywords in the centricity (brackets for the centricity, similarly hereinafter), which means that "climate change" is the most influential word besides "ocean." In addition, "model" (0.14), "impact" (0.11), "fishery" (0.11) and "sustainability" (0.1) are also ranked the front of the central keywords, which has a certain influence through these keywords to study.
From the frequency of nodes, climate change is still the keyword with the highest frequency except thematic words, appearing 206 times. In addition, "management," "impact," "fishery," "model," "conservation" and "Ocean acidification" are also frequent keywords. Combining the nodes centrality analysis, marine econometrics research and "ocean environment," "fishing," "model" is closely related to, which is the hot research direction of the study of ocean econometrics. Figure 8 was generated using the CiteSpace domain analysis consisting of 1,489 literature retrieval results for marine econometrics, in which the more frequently the subject belongs to, the bigger the nodes are in the map. There are 114 nodes, 639 connections and the network density is 0.0992 in the Figure 8 . The node label represents the discipline of the document; the circle color represents the time of posting, with lighter colors indicating closer times of posting; the node diameter is positively correlated with the amount of papers issued by the subject; the thickness of the connection between nodes reflects the strength of the cooperative relationship between them, and the parts of the node periphery surrounded by a purple ring suggest that wide connections exist between one node and others in different research fields, which often make up the hubs of discipline or knowledge domains, having special significance in the node network. Figure 8 indicates that the study of marine econometrics involves many disciplines and is widely used in applied disciplines and interdisciplinary subjects, relatively speaking. The larger points in the figure indicate that the subject has a higher frequency of citations, and the denser points indicate that the subject is more central. It can be seen from the figure that marine econometrics is closely related to Business & Economics, Economics, Mathematics, Social Science and other disciplines. Meanwhile, the method of marine econometrics is also applied to Geography, Physical Geography and other geographical disciplines. In addition, marine econometrics is also used for the analysis of Engineering, Environmental Science, Green & Sustainable Science & Technology and other disciplines. The largest node in the figure is Business & Economics, which is ranked first, boasting a frequency of 109. From the ring of the node, the thickness of the annual ring is gradually increasing, indicating that the number of times it is cited has increased gradually over time. Among the many connections to the Business & Economics node, the deepest and thickest one points to Economics, which was cited 87 times. As can be seen from the connection, these two disciplines have a strong co-citation relationship. In addition, the periphery of these two nodes is surrounded by purple rings, indicating that these two nodes are key points, which play an important role in the transformation of the entirety of marine econometrics. Engineering, Electrical & Electronic was cited 92 times, indicating that the marine econometrics method can be used in electrical engineering, which has close links with Engineering, Marine, Operations Research & Management Science, Computer Science and Information Systems. Another significant node is Green & Sustainable Science & Technology, which was cited 85 times, indicating that the marine econometrics method is a hot research method in the research fields for green and sustainable development.
The analysis of related disciplines in marine econometrics

Analysis of published journal articles of marine econometrics
The CiteSpace software was used to visually analyze the journal data pertaining to 1,489 documents from 1996 to 2018, generating Figure 9 .
In Figure 9 , there are 132 nodes and 607 links with a network density of 0.0702. The size of the nodes in the figure indicates the amount of papers in the journal, and the journals with higher volumes reflect the knowledge and attributes of marine econometrics, which can provide researchers with the clearest research connotations. The denser the connection between the node and other nodes, the stronger the centrality of the node, meaning that the node belongs to the classic journal subset and has the support of the knowledge base in the relevant research field. The journals that publish the most relevant literature on marine econometrics are listed in Table II . The 18 journals in Table II 
Analysis of national (regional) institutions for marine econometrics research
According to the 1,489 document data records retrieved, the country (region) information of the author was read and summarized. Authors from 71 countries/regions were found to have studied marine econometrics, and selected 29 countries with high frequency of occurrence to establish correlations, as shown in Figure 10 . In Figure 10 , the circle of nodes represents the country or region, and the size of the circle corresponds to the number of articles published in the country or region. The more published in the region, the larger the circle. In Figure 10 , the USA is in the largest circle, indicating that the USA has the largest number of published articles on marine econometrics. The connection between nodes represents the cooperation relationship between two countries or regions with links. The density of the network indicates the closeness of cooperation among scholars in various countries or regions. Generally speaking, the higher the density of the network, the closer the cooperation between scholars from various countries or regions engaged in marine econometrics. As can be seen from Figure 10 , the cooperation between European countries or regions is relatively close, while that between Asian countries is less so. Table III summarizes the centrality of the top 20 countries or regions with high frequency of occurrence. The information is calculated according to the country or region of the author. Since there are often multiple authors of a single article, the sum of the frequencies of the countries or regions statistics sum to a number greater than 1,489. From Table III , one may see that four countriesthe USA, China, the UK and Australiahave produced the most studies about marine econometrics. Among those four, the frequency of the emergence of American scholarship is up to 581far beyond that of other countries. Scholars in China, Britain and Australia also have provided rich research on marine econometrics. However, their centrality is not high, indicating that they mainly focus on the study of marine economic problems in their respective regions, and they do not strongly cooperate with other regional authors. Some European countries, such as France, Spain, Italy and Norway, have a higher degree of centrality, indicating that the scholars in these countries pay more attention to the cooperation between countries and regions, and the content of their research is more extensive.
In order to better understand the distribution of research institutions in marine econometrics from 1996 to 2018, we analyzed 1,489 observations through the CiteSpace software, established a correlation network between research institutions, and plotted the map shown in Figure 11 . 
International marine econometrics
The size of the node circle in Figure 11 indicates the number of documents sent by the organization. The more nodes in the map, the larger the number of nodes in the map, and the connection between the nodes and other nodes indicates that the node has strong centrality, signifying that the mechanism of cooperation with other institutions is relatively close, and academic interchanges are strong. It can be seen from Figure 11 that between 1996 and 2018, there were many institutions that produced scholarly studies on ocean economics internationally, and the interchanges between institutions were relatively close. The top 20 research institutions with higher frequency in the literature analysis are summarized in Table IV . In Figure 12 , the white dots represent the research institutions, and the connections between them represent the cooperative relationship. Europe, North America, the southeastern part of Asia, the southeastern part of Australia and the eastern part of South America, have research International marine econometrics institutions that are relatively densely distributed, indicating that there are a large number of institutions involved in marine economics research. In addition, only a few African institutions have participated in the study of ocean econometrics. In terms of partnerships, European research institutions work most closely with research institutions in North America and Australia. There is also cooperation between Asia and Europe and North America, but less so, and less closely. Research institutions in South America and Africa have fewer links with other regions and are thus relatively independent. Table V lists the 1,489 observations regarding marine econometrics collected between 1996 and 2018, ranking the citations.
Analysis of cited frequency of marine econometrics literature
The top ten citations are listed in Table V ( Cheung et al., 2010; Snyder and Kaiser, 2009; Deo and Naidu, 1999; Cheung and Sumaila, 2008; Widén et al., 2015; Klein et al., 2008; Reikard et al., 2011; Jin et al., 2003; Morrissey and O'Donoghue, 2013; Leite et al., 2014) . Highly cited literature is generally an important reference with a groundbreaking role. Among the top ten studies cited, three were from the USA, two from the UK and the remaining five from Denmark, Australia, Canada, India and Sweden. Renewable and Sustainable Energy Reviews has the highest impact factor (8.05) among the top ten sources of marine econometrics literature, followed by Conservation Letters (7.02) and Global Change Biology (5.802). In the top ten marine econometrics studies cited in the frequency of citation figures, the focus is on the relationship between the marine economy and marine energy, marine ecology and marine ecological environment. The applied methodological analysis tools tend to use non-classical, modern and ocean econometrics methods.
The ardent research direction of marine econometrics
According to the above analysis, which shows that the research content of marine econometrics is quite extensive, the current research passion has mainly been concentrated in the coastal zone economy, marine economic sustainable development, marine resources, areas affected by marine disasters, marine science and technology contribution, and so forth.
Coastal zone economic research
The coastal zone is an important habitat for human beings and an important area for exploitation and utilization of resources. At present, many scholarly studies have been focusing on the sustainable development of the coastal economy, index system and quantitative evaluation model (Qin et al., 2015) , coastal economics and the integration of sea and land development strategy (Zhu et al., 2018) , the coastal zone's industrial structure and industrial competitiveness (Yan et al., 2015) , the coastal zone's ecological value and natural disasters in terms of economic accounting (Brown and Hausner, 2017; Plomaritis et al., 2018) , and ocean culture and ocean industries (Levine et al., 2015) . Compared with the function of the land area evaluation model, specifically the study of the coastal zone economy, there are still some shortcomings in doing so, e.g., fuzzy research objects, systematic lack of research content and weak innovation within the research methods, all of which require further research and analysis. He et al. (2014) studied China's economic development and changes in the coastal area (coastal zone) ecosystem using the Malmquist plots-Luenberger index model, and put forward suggestions regarding the sustainable development of China's marine economy. Wei et al. (2014) constructed the comprehensive bearing capacity model ICC, and calculated the sustainable development for the marine economy in both space and time ranges. Guo et al. (2017) applied the MPLAN input-output model to the economic relations of the Gulf-Coast region, studying the influence of Mississippi River and Alabama gulf-coast tourism on the regional economy.
Research on sustainable development of marine economy
The marine economy's sustainable development is based on the application and extension of the concept of sustainable development in the field of marine economics. There are complex systems engineering pertaining to marine conservation, utilization, repair, involving the marine resource, marine environment, marine ecology, marine culture, marine industry, marine science and technology, marine management, etc. At present, studies on sustainable development of the marine economy mainly use quantitative methods such as exponential analysis, comprehensive evaluation, principal component analysis, BP neural networks and general equilibrium models or system dynamics. Pakalniete (2017) used the polynomial Logit model to study the preferences of Latvian citizens toward environmental improvement in the Baltic Sea's marine waters and to evaluate the economic benefits of environmental improvement. Tuhkanen et al. (2016) used a selective experimental method, a statistical modeling method, a non-linear utility function
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International marine econometrics analysis, etc., to study the three main pressures affecting the quality of Estonian marine environment factors, estimating the three kinds of relative economic value of stress factors changes, and evaluated the economic value of marine environmental improvement. Ronchi et al. (2002) used the ISSI index of welfare, environmental quality and resource utilization, proposing a combination algorithm and giving a global, comprehensive, non-dimensional index for comparison between different countries. Krelling et al. (2017) studied the economic impact of marine garbage pollution and evaluated the investment benefits of local authorities to prevent the beach garbage and the decline of tourism income.
Effects of marine resources utilization on marine economy
Since the formal coming into force of the "United Nations Convention on the Law of the Sea" in 1994, the world's maritime powers have adjusted their maritime strategic priorities. Marine resources are huge, with the characteristics of being clean, green, and renewable. In a narrow sense, marine resources refer to substances and energy that are directly related to the bodies of water comprising the seas, e.g., marine organisms, chemical elements in sea water and minerals on the sea floor. On the basis of the above categories, marine resources in a broad sense also include marine routes, seaports, bays, processing of aquatic resources, marine energy resources, marine landscape and space in the oceans (Wang and Bo, 2006; Johannes, 2002) . The effective utilization of marine resources will be of great significance to the economic prosperity and sustainable development of all countries in the world. Sugiawan et al. (2017) according to the empirical analysis of a global marine fishery using general methods of parameter modeling and panel data, they found that the economic growth after income reaches a certain level is beneficial to the sustainable development of a marine fishery. Wang et al. (2017) simplified Romer's natural resources and economic growth model under the restriction of land resources, and established the "end effect" model, including the AHP, entropy value method, parameter estimation, Solow model and panel data model. The results show that the faster the consumption of marine resources, the greater the resistance to the growth of the marine economy. Anneboina and Kavi Kumar (2017) used a stochastic frontier production function model to predict the technical efficiency of marine fishery production.
The impact of marine disasters on the marine economy
Marine disasters are disasters that occur in the sea or coast due to changes in the natural environment of the sea or meteorological conditions or other drastic changes (Xiao et al., 2015) . There have been many studies on the impact, assessment, compensation and risk assessment of marine disasters in the world. At present, they mainly focus on the analysis and pre-evaluation of the impact of marine disasters on the marine economy and macroeconomic conditions. Hidayah et al. (2018) adopted the multidimensional scaling method and selected five dimensions that involve ecology, economics, society, technology and systems to measure the impact of marine disasters on national economic development. Goda and De Risi (2018) proposed a probabilistic multi-hazard loss estimation method for coastal areas, and conducted a case study of large-scale earthquake activities that may occur in northeastern Japan, they concluded that the results of multi-hazard impact assessments are of great significance for reducing the risk of tsunami disaster losses. Yin et al. (2018) proposed a new multivariate gray disaster prediction model combining multivariate gray prediction with catastrophic prediction to avoid the shortcomings of traditional single-factor gray catastrophe prediction methods, improved the accuracy for simulation and prediction of marine hazards. Samarasekara et al. (2017) assessed the anti-tsunami capacity of coastal infrastructure by numerically simulating possible-to-develop, optimal mitigation measures.
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MAEM 1,1 5. The developing trend of marine econometrics research This study analyzes 1,489 collected articles related to marine econometrics from 1996 to 2018, through the literature map of marine econometrics based on post number, authors, keywords, and related discipline areas, related journals, countries (regions), research institutions and carding. Summarizing the above aspects revealed the study's status and development process regarding international marine econometrics, summed up the research focus of marine econometrics, and provided for further research in marine econometrics to provide referential cases.
Research trends in marine econometrics
With the successive implementation of marine strategic planning in coastal countries, case studies and in-depth research on marine econometrics issues have become more important, with greater demands and higher expectations being put forth for marine econometrics research. Such public policy also presents a development trend for the systematization of research categories (including macroscopic and microscopic ones), the diversification and cross-cutting research disciplines, and the modernization of research technologies.
5.1.1 Systematization of research areas. Non-classical macro-marine econometrics research have risen in demand, including the formulation of macro marine economic policies, the optimization of marine industry structure, land, and sea pooling and spatial layout, marine ecological environmental protection, and sustainable development, also is the important basis of states formulating plans for the development of the ocean. Non-classical macro-marine econometrics research involving time-varying characteristics and spatial structures for individual markets, individual enterprises, and individual products have become another new trend, including industrial clusters, industrial upgrading, new energy, carbon emission reduction, green development, technology innovation, and so forth.
5.1.2 Diversity of research disciplines. Marine econometrics is a multidisciplinary integrated system methodology. It includes system theory, information theory, control theory, synergism, mutation theory, system simulation (system dynamics, ASPEN, SWARM), general equilibrium theory, neural networks, etc. The current cross-disciplinary trend of marine econometrics research is becoming more obvious. For example, system simulation and experimental economics establish a simulation model that describes the system structure or behavioral process that has a certain logical or quantitative relationship, which will promote the construction and development of marine economic simulation experiments (or room) technology. These will reveal the evolution mechanism of marine economic systems, simulating the implementation effects of simulation policies, improving and expanding the input-output model of the marine economy, building a linkage model, and strengthening and improving the efficiency of policy analysis and research. 5.1.3 Modernization of research methods. At present, marine econometrics research uses a system of model type, orientation, structure, along with a particular data type, that are gradually being perfected and, thus, the characteristics of modern marine econometrics are becoming increasingly prominent. Examples include micro, non-parametric, time series, dynamic marine econometrics; e.g., micro-marine econometrics, panel data model, discrete data models, restricted data models, analysis of micro-marine economic information of individuals, families, enterprises, etc., the study of individual behavioral differences and their relationship with influencing factors, and so forth.
Systematic science, mathematics, computer science, physics, and other new methods, new technologies and collaborative, cross-applications that have been developed in recent years are now included. In particular, the latest methods and technologies have been 37 International marine econometrics developed in related disciplines since 2000, e.g., artificial intelligence, data mining, machine learning, quantum technology, etc.all of which are important methodological foundations for marine economics research, and they also need to be used as points of reference.
Consideration of the problems involved with marine econometrics
In recent years, marine leading industries, ocean science and technology contribution rates, endogenous growth problems, growth rate decomposition problems, structural optimization problems, industrial convergence problems, evolution mechanism problems, correlation effects problems, spatial layout problems and policy effects issues have emerged. Theoretical and empirical responses to marine econometrics research including quantitative economics are still needed:
(1) Traditional economics studies "quality" and quantitative economics studies "quantity." In the last decade or longer, some achievements have been made in the study of international marine econometrics, but the separation between it and other branches is still wide.
(2) The content and fields of marine econometrics research have been expanding rapidly but are also quite scattered. Due to the complex problems of the marine economy itself, the study of marine econometrics lacks enough sample data to support it, and even faces serious data bottleneck problems.
(3) Due to research environment differences and the academic backgrounds of marine economic researchers, there still remain non-standard problems in the application of research methods to marine econometrics researcheven emerging as problems of abuse and misuse.
(4) Due to the official standard of sea-related management departments, the normative problems of the statistical data of the sea-related enterprises, and the scientific rationality of marine econometrics research teams, the available data are somewhat questionable. At present, phenomena in marine econometrics research are still relatively scattered and fragmented. There are still some low-level duplication problems in its study, and some differences in conclusions, some of which have risen to the level of disputes.
Opportunities and challenges in marine econometrics
The oceanic economic sample data is expanding, and modern measurement methods such as panel modeling, spatial measurement, non-linear non-parametric methods and DSGE have become important methodological tools for marine economic research. However, with the rapid evolution of information technologyand the sudden fall of the era of big datathe traditional methods of marine econometrics have been difficult to control the increasingly complex random quantitative relationships found in the modern marine economy. First, the special structure of the evolutionary mechanism of marine economies, the irrational alienation of individual behaviors from marine economics, and the endogenous optimization of the correlation effect of the marine economy must be tamed.
Second, the lack of marine economic statistics and normative problems, quality diagnosis problems and singular mixing problems must be addressed as well.
Third, marine century, big data, marine disasters, wetland degradation, ecological protection and other issues should be better dealt with.
How to guide modern econometrics and the methodology of experimental economics to promote marine econometrics for research systems is crucial. Furthermore, popularizing 38 MAEM 1,1 and promoting marine econometrics in order to raise the level of application and overall development in the international marine econometrics for the future development of marine economy has become an important mission.
